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Forty-eight male Sprague-Dawley rats (200-250 g) were divided 
into 6 groups of 8 animals each. Group I served as the control in which 
sham operations were performed, and both kidneys were left intact. Group 
II had the left kidney removed and the right kidney left intact. Group 
III had the left renal cortex totally cauterized and the right kidney 
left intact. Group IV had a 1 cnf area of the left renal cortex cauteriz¬ 
ed and the right kidney was left intact. Group V had a 1 cm2 area of both 
renal cortexes cauterized. Group VI had a 1 cm2 area of the left renal 
cortex cauterized and the right kidney removed. Weights and blood pres¬ 
sures were recorded at 7-day intervals beginning at day 21 and running 
through the 42nd day. Results showed that there was a significant in¬ 
crease in blood pressure in Groups IV, V and VI when compared with con¬ 
trols. Group III (left renal cortex totally cauterized) had pressures 
essentially the same as the controls. These results suggest that partial 
damage, but not total damage of the renal cortex can be used as a method 
i i i 
to induce renovascular hypertension in rats. 
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Bright's (1836) observation of the association of cardiac hyper¬ 
trophy with diseased kidneys, initiated endless clinical, anatomical 
and experimental investigations to determine the origin of cardiovascular 
implications in Bright's Disease. Quickly resolved was the fact that 
cardiac hypertrophy is secondary to arterial hypertension. Thus, the 
problem lends itself to that of the mode of production of hypertension. 
To date, despite centuries of investigation, in most instances we do not 
know what causes hypertension. Yet, a great deal of important informa¬ 
tion about many aspects of the pathogenesis of hypertension has been ac¬ 
quired. 
From investigations done prior to this study, it has been shown 
that hypertension is the result of two factors working hand in hand, 
namely cardiac output and peripheral resistance. It has been shown that 
as either of these two parameters is increased, there will also be an 
increase in the blood pressure level. The exact mechanism for increas¬ 
ing one or the other of these parameters has been, and still is, the tar¬ 
get area in experimental hypertension. Of equal importance is the way 
both parameters tend to cause change in each other. 
Hypertension is usually classified as either essential or renal; 
yet either one can lead to the other. Much evidence for essential hyper¬ 
tension has been gathered from studies done on renal hypertension. 
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Reasons for this are that renal hypertension can lead to essential hyper¬ 
tension. Also, renal hypertension can be produced relatively easily 
experimentally. 
Hyperplasia is the abnormal multiplication of normal cells in 
the normal arrangement in a tissue, thus impeding normal tissue function. 
Bevan et al. (1976) showed that hyperplasia of vascular smooth muscle 
took place as a result of experimental renal hypertension which they 
induced in New Zealand white rabbits by partially constricting the ab¬ 
dominal aorta above both kidneys. Their work triggered the question 
asked by this study: Can hyperplasia precede hypertension, and if so, 
why is hypertension noticed before the hyperplasia? To answer the first 
question an attempt had to be made at the second. From this attempt 
the experimental design is based on the following hypothesis: If hyper¬ 
plasia precedes hypertension, but hypertension is noticed before hyper¬ 
plasia, then the following would have to be true: 
1. Hyperplasia would have to develop in a site in the body 
where it could go unnoticed for a long time, this being a 
site in the body where there would be no reason to suspect 
its presence, mainly because of the apparent normal func¬ 
tion of that site. 
2. The development of hyperplasia in this site would have to 
cause a change in the overall cardiac output, which would 
be secondary to the change in peripheral resistance in the 
close proximity of the degree of hyperplasia that is being 
produced. 
The degree of hyperplasia formed beyond a certain point 3. 
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would cause a noticeable rise in blood pressure, but yet the 
hyperplasia would be confined to the site where it is still 
unnoticed, thus causing one to believe that hypertension 
precedes hyperplasia. 
4. Once hypertension is fully established, a noticeable degree 
of hyperplasia can result in a detactable site in the body 
(smooth muscle). 
Keeping all the points mentioned in mind the following question 
was asked: Where in the body would such a site exist that would lead 
to a possible hypertensive model? The kidney was chosen because it fill¬ 
ed all criteria needed, plus it allowed for the mimicry of hyperplasia 
from its outside inward. If hyperplasia causes increases in the number 
of cells in the walls of the arteries, then it follows that the diameter 
of those arteries will be reduced, and the peripheral resistance increas¬ 
ed. If the peripheral resistance is increased then the perfusion pressure 
to the afferent arterioles is reduced, renin is released, and the angio¬ 
tensin system is turned on. Turning on the angiotensin system will cause 
sodium (Na+) retention and increased plasma volume. Increased plasma 
volume will cause increased cardiac output and result in increased blood 
pressure. Increased blood pressure leads to hyperplasia (Bevan et al., 
1976). The greater the degree of hyperplasia in the kidney the greater 
the affect caused by it on the entire system. Therefore, the way this 
system was mimicked was to completely close down some of the functional 
units of the kidney (nephrons) by cauterization of the cortex. This 
would then enable the observation of the response of the remaining portions 
of the kidney. Those responses looked for were: (a) Would the kidney 
recognize the damage as causing a reduction in perfusion pressure? 
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(b) Could the kidney compensate for the damage and by so doing cause 
the damage to be hidden from the rest of the circulatory system, (c) 
Would the kidney over compensate, thus causing the rest of the circula¬ 
tory system to become aware of the damage to a greater extent, (d) At 
what point will there be an onset of overload on the cardiovascular sys¬ 
tem due to renal damage in the form of hyperplasia. 
It is the attempt of this study to produce new evidence as to a 
possible mechanism in the development of renal hypertension and to estab¬ 
lish a possible mechanism which could trigger the onset of hypertension 
followed by noticeable hyperplasia. It will attempt to open the door 
for a new avenue in the field of experimental hypertensive research. 
CHAPTER II 
REVIEW OF LITERATURE 
Bright (1836) was the first to observe profound involvement of 
the cardiovascular system in association with renal disease. In his 
first findings of 1827, he noted the increased resistance which the ar¬ 
teries of the diseased kidney offered to injection. Nine years later, 
in conjunction with his tabulation of the findings of 100 cases of renal 
disease, Bright (1836) described the occurence of cardiac hypertrophy 
as follows: 
The obvious structural changes in the heart have consisted chiefly 
of hypertrophy with or without valvular disease; and, what is most 
striking, out of 52 cases of hypertrophy, no valvular disease what¬ 
soever could be detected in 34; but in 11 of these 34, more or less 
disease existed in the coats of the aorta, still, however leaving 
22 without any probable organic cause for the marked hypertrophy 
generally affecting the left ventricle. This naturally leads us to 
look for some less local cause for the unusual efforts to which the 
heart has been impelled; and the two most ready solutions appear to 
be either that the altered quality of the blood affords irregular 
and unwanted stimulus to the organ immediately, or that it so affects 
the minute and capillary circulation as to render greater action 
necessary to force the blood through the distant subdivisions of the 
vascular system. 
Bright appears to have realized that the cardiac hypertrophy of renal 
disease is related to arterial hypertension either as cause or effect. 
This is evidenced by his first theory that cardiac hypertrophy, as due 
to increased cardiac output (leaving other factors unchanged), results 
in an arterial pressure rise. The second mechanism he proposed was that 




Fishberg (1939) stated that Toynbee, in 1846, showed that there 
is thickening and narrowing of the arterioles of the contracted kidney, 
thus accounting for the difficulty that Bright encountered in injecting 
such organs. Fishberg (1939) goes on to state that Gull and Sutton in 
1872 were the originators of the view that hypertension in chronic 
Bright's Disease was due to the increased peripheral resistance, result¬ 
ing from thickening of the walls of the arterioles throughout the body. 
They felt that lesions of the arterioles and capillaries were the pri¬ 
mary and essential conditions of the morbid state called chronic Bright's 
Disease with contracted kidney. They termed the lesions arteriocapillary 
fibrosis, and they believed it was the result of the hyalin fibroid de¬ 
generation of the arterioles and capillaries. 
Following Gull and Sutton's report, many investigators supported 
the view that narrowing of the total arteriolar lumen as a result of 
intimai thickening was the cause of elevated blood pressure in essential 
hypertension. Two such supporters, as cited by Fishberg (1939), were 
Muenzer and Kahler. However, the view presented by Gull and Sutton was 
soon discarded, mainly because investigators thought that there was a 
comparatively limited arteriolar area involved in even the most inten¬ 
sive cases of essential hypertension. It did not seem possible that the 
increased blood pressure in essential hypertension was due to the mechani 
cal increase in resistance caused by organic lesions of the smaller ar¬ 
terioles. It was an established fact that lesions were severe in the kid 
neys, much more so than in any of the other organs of the body. Though 
other organs may be involved to a moderate extent, the great mass of the 
arterioles found in the body are in the skin, muscles, gastro-intestinal 
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tract and heart, and they showed practically no narrowing of the lumen 
in most instances. It was also an established physiological fact that 
vasoconstriction in any limited area was immediately compensated for by 
vasodilatation elsewhere, so that no increase in the blood pressure re¬ 
sulted. The general concensus, therefore, was that the arteriolosclero- 
sis must involve very large generalized regions if it were to increase 
mechanically the peripheral resistance by any amount too great to be com¬ 
pensated for elsewhere. Yet, it was shown actually to involve only a 
small fraction of the great arteriolar periphery, leaving the vast ma¬ 
jority of the arterioles with no organic narrowing of the lumen. It 
thus appeared that hypertension was not due to the mechanical increase 
in peripheral resistance due to organic narrowing of the arterioles. 
Up to this point in the history of experimental hypertension, there was 
no knowledge of the mechanism involved in the renin-angiotensin system, 
which would later show how organic narrowing of the lumen of a small 
fraction of the great arteriolar periphery could affect the pressure of 
the entire periphery, if that narrowing took place at specific locations. 
There were the ever present diseased kidneys in patients that had 
arterial hypertension. In the vast majority of these cases in which 
hypertension was present, postmortum examinations revealed renal lesions 
of differing severity. Many clinicians and pathologists have claimed 
never to have seen an instance of protracted hypertension in which post¬ 
mortum examination did not show diseased kidneys. Thus, the kidneys were 
incriminated as the cause of high blood pressure, but with the dawn of 
the concept of essential hypertension there was a reversal of the theory 
that hypertension was the result of renal disease. 
Renal hypertension got its foothold with the experiments of 
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Goldblatt (1934). In 1928 he was able to produce hypertension in the 
dog by constriction of one or both renal arteries, with resultant de¬ 
crease in the blood flow through the kidneys. This was accomplished 
with a silver clamp, the tightening of which constricts the renal artery 
to any desired degree. Goldblatt saw that in the dog sufficient con¬ 
striction of one main renal artery resulted in elevation of arterial 
pressure which usually fell to the initial level after about a month. 
He also was able to show that adequate constriction of both renal ar¬ 
teries, either at the same time or at an interval, resulted in persis¬ 
tant hypertension which lasted for years. In some of the animals the 
pressures fell gradually. Goldblatt attributed this to the development 
of accessory circulation, and he was able to restore the hypertension by 
simply tightening the clamps. 
Fishberg (1939) makes mention of Paessler and Heineker who carri¬ 
ed out a variety of experiments to demonstrate the existence of renal 
hypertension. They first removed half of one kidney. Four weeks later 
they removed the intact kidney. At another operation, another piece of 
the kidney operated on first was resected. This was done one or more 
times at long term intervals, so that as many as six operations were per¬ 
formed. They got an average blood pressure rise of 21.5 mm Hg and car¬ 
diac hypertrophy (up to 76%) that parralleled the time the animals lived 
in a state bordering on renal insufficiency and were not yet cachectic. 
With the development of cachexia, the blood pressure fell. Fishberg fur¬ 
ther stated that Janiway and Cash were both able to repeat and substanti¬ 
ate the findings of Paessler and Heineke. Hartmen, Bolliger and Doub 
(1926) produced in dogs, by the application of high voltage roentgen rays 
to the kidney, extensive destruction of the renal parenchyma with 
9 
replacement fibrosis and vascular sclerosis. A consistent rise in blood 
pressure with accompanying hypertrophy of the left ventricle was always 
seen in those animals which were subjected to the radiation. 
Bell and Pederson (1930) produced chronic venous congestion of 
one kidney in the rabbit by putting an aluminum band around the renal 
vein and at the same time preventing the development of collateral cir¬ 
culation with a snug membrane around the kidney. The result was develop¬ 
ment of hypertension for a protracted duration. 
All of the above investigations showed that hypertension can be 
produced by altering the blood flow to or through the kidney. 
In the Goldblatt models, both the systolic and diastolic pres¬ 
sures are elevated, in much the same proportions as in human hypertension, 
including arteriolar sclerosis and necrosis as well as medial hypertrophy 
and cardiac hypertrophy. In addition, Goldblatt (1934) noticed that the 
kidneys showed little alteration or they exhibited atrophic changes. 
The one puzzling question was how the kidney caused the increase in peri¬ 
pheral resistance which resulted in hypertension. The answer at that 
time seemed to lie in the following: it had to be either a neuronal re¬ 
flex or a chemical humoral mechanism. The experiment carried out by 
Goldblatt on his dogs served as conclusive proof that renal ischemia 
leads to hypertension through a chemical and not through a neuronal mecha¬ 
nism. This chemical substance was the result of the hormonal system. The 
nature of the mechanism involved in the production of renal hypertension 
was first observed by the work of Tigerstedt and Bergman (1898). They 
showed that aqueous extracts of the cortex of the rabbit's kidney pro¬ 
duced a pronounced and sustained elevation of blood pressure when injected 
intravenously into another rabbit. They found that the blood of the renal 
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vein had a similar pressor action. They named this active substance 
renin. They were also able to locate the site of secretion of renin as 
the kidneys. Following the work of Tigerstedt and Bergmann, some investi¬ 
gators got contridictory results regarding the effects of kidney extracts 
on blood pressure. But the investigations of Harrison (1937) and his 
associates, Prinzmetal and Friedman (1936) and Landis and his co-workers 
(1938) all demonstrated beyond any doubt that there was a substance pre¬ 
sent in the extracts of the kidneys of dogs and rabbits which would 
raise arterial pressure when placed in saline and injected intravenously. 
Human kidney renin was identified by Prinzmental et al. according to 
Fishberg. They found it to be present in both subjects with normal pres¬ 
sure and those with hypertension. 
The findings of these co-workers offered special significance 
because it showed that if hypertension is produced by constriction of 
one renal artery in the dog, the saline extract of the ischemic kidney 
generally had a more powerful pressor effect than the contralateral 
kidney. Harrison et al. (1938) also showed that if one ureter were li¬ 
gated, the saline extract of the corresponding kidney raised the blood 
pressure more than that of the contralateral kidney. Prinzmental and 
Friedman (1936) tested extracts of the kidney of 15 patients with benign 
and malignant hypertension, chronic glomerulo-nephritis and pyelonephri- 
tic contracted kidney. Injection of these extracts produced an average 
rise in blood pressure of 28 mm Hg as compared with 12 mm Hg for their 
normal controls. The pressor effect was generally more prolonged in the 
hypertensive group. 
At this point in the history of clinical evidence of the exis¬ 
tence of renal hypertension, there was general acceptance that renal 
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hypertension accompanied narrowing or occlusion of the main renal arteries. 
Licter (1938) described a case of chronic hypertension in which necropsy 
revealed that arterosclerosis completely occluded one renal artery 1 cm 
from the aorta and markedly narrowed the other. Leadbetter and Berkland 
(1938) and Boyd and Lewis (1938) reported instances in which severe hyper¬ 
tension was replaced by hypotension following the removal of a kidney, 
which was the site of arterial narrowing. One of the cases which was 
reported concerned a 5% year old boy in whom the main renal artery was 
partially occluded by an intraarterial mass of smooth muscle, probably of 
congenital origin. Freeman and Hartely (1938) reported a patient in whom 
hypertension developed (270/150 mm Hg) after one kidney had been removed. 
Necropsy disclosed an atheromatous plaque partially occluding the renal 
artery of the remaining kidney. 
Brem and Redman (1968) reported a case of a woman 60 years old 
who had renal arteriovenous fistula and bilateral fibromuscular hyper¬ 
plasia of the arterioles, yet she was normotensive. Her normotensive 
condition was being maintained by the combined normal surfaces of her 
two kidneys. Therefore, if any attempt were made to correct the lesions 
there was a very high risk of right nephrectomy and hypertension could 
follow. 
Smith et al. (1968) performed 59 operations on 55 patients for 
the sole purpose of reversing the hypertensive condition that was presen¬ 
ted in these patients, due to atherosclerosis and fibromuscular hyper¬ 
plasia of the kidneys. They showed a 65 to 85% favorable response after 
surgery. The type of surgical procedures included 1) vascular repair 
and 2) nephrectomies when vascular repair failed to produce favorable 
results. 
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Brolin (1967) stated that atherosclerotic stenoses is the most 
common of the various pathologic changes in the renal arteries. It is 
localized to the orifice or the proximal part of the main trunk; in many 
cases, both renal arteries as well as the decending aorta are involved. 
Angiographic examination alone cannot establish whether or not the ste¬ 
noses implies a decreased blood supply to the kidney. Delayed passage 
of contrast medium and the presence of collaterals are nevertheless 
strong indications that the stenoses is hemodynamically significant. 
In occlusion of the main trunk or peripheral branches, a colla¬ 
teral circulation prevents total infarction, and may thereby produce 
renovascular hypertension. In the presence of infarction, there may be 
a viable borderline zone with impaired blood supply, which can be respon¬ 
sible for hypertension. 
Brolin (1968) suggested that aneurysms may contribute to the on¬ 
set of hypertension when they are combined with some lesion narrowing 
the orifice of the renal artery such as a thrombotic deposit or an exten¬ 
sion of a calcification. 
He also stated that in fibromuscular hyperplasia and periadventi- 
tial fibrosis, the lesion is found more distall y than in atherosclerosis, 
and since these stenoses are confined to the renal arteries, the proba¬ 
bility that they will cause renal hypertension is greater than in athero¬ 
sclerotic stenosis. 
Faarup (1967) reported hyperplasia of epithelioid cells in the 
juxtaglomerular apparatus which caused hypertension that was reversed 
with surgery. 
Schmidt and Rambo (1965) reported the case of a 7-week old infant 
that had unusual intimai hyperplasia of the abdominal aorta and renal 
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arteries. The infant developed severe hypertension and died. After 
describing the entire history of the case as well as citing several 
other workers who found similar findings in older patients, Schmidt and 
Rambo stated lesser degrees of this disease, limited to segments of 
renal arteries, could produce hypertension and yet be overlooked in 
routine autopsy examinations. They stressed the need for recognition 
of the disease before onset of hypertension leading to cardiac failure. 
Hansen et al.(1965) reported hypertension in two sisters which 
was caused by fibromuscular hyperplasia of the renal arteries. In both 
patients, death resulted from subarachnoid hemorrhage within 35 years 
of their life. Hansen et al. (1965) felt that this disease was heredi¬ 
tary. 
Halpenn et al.(1963) were able to show congenital hyperplasia 
leading to hypertension as they studied the case history of the renal 
artery abnormalities in three hypertensive sisters. 
Claiborne (1970), in his report of a case with involvement of 
multiple arteries, showed the onset of hypertension as a result of fibro¬ 
muscular hyperplasia. Likewise White and Ralerbinskas (1970) reported 
the development of hypertension in a child as a result of small intra- 
renal arterial malformation. Formby and Emery (1969) were able to show 
hypertension in an infant that had intimai hyperplasia of the aorta and 
renal vessels. Congenital adrenal hyperplasia with resultant hyperten¬ 
sion has been shown by the work of Moneta and Castegnaro (1969). 
Fletcher et al. (1969) were able to show that symental fibromus¬ 
cular dysplasia of the renal artery resulted in hypertension, while 
Bergentz et al. (1973) reported of a case in which hypertension was due 
to the occlusion of a supplemental renal artery. They went on to report 
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that this artery was treated by microsurgery and the hypertensive state 
was reversed. Jones (1974) showed by light and electron microscopic 
studies that severe hypertension was associated with arterial and glomeru 
lar lesions. The literature thus far indicates the possibility of hyper¬ 
tension developing in an individual with congenital hypoplasia of one or 
both kidneys. 
From this point up to 1976 the literature is very scanty as to 
the relationship between hyperplasia and hypertension and little or no 
animal experimentation was conducted. In 1976, Bevan et al. showed the 
presence of hyperplasia in the vascular smooth muscle of their rabbits 
when hypertension was induced experimentally. The development came with¬ 
in 2 weeks after the partial constriction of the renal arteries. 
Bevan's work appears to be the last report of an experimental 
hypertension-hyperplasia relationship. The present study is intended to 
expand the knowledge in this area; however, the approach is to experi¬ 
mentally produce hyperplasia and thus allow for the onset of hypertension 
CHAPTER III 
MATERIALS AND METHODS 
Male, Sprague-Dawley rats weighing 250-300 grams were used in 
this investigation. All animals were obtained from Hiram Davies 
(Stockbridge, Ga.). Upon arrival, the animals were weighed and numbered. 
They were then housed in plastic rat cages, four animals to a cage. 
Animals were maintained on a standard diet of Purina Rat Chow (Cherokee 
Laboratory Supply, Atlanta, Ga.) and water ad libitum. One week was 
allowed to elapse before any surgery was performed, so that the overall 
health of the animals could be determined. 
Systolic blood pressure was monitored on all animals by using 
a programmed electrophygomomanometer and pneumatic pulse transducer con¬ 
nected to a DMP-48 physiograph recorder. 
Plasma Renin Activity (PRA) was determined with an Angiotensin-I 
125I Radioimmunoassay Kit obtained from New England Nuclear Company 
(Worchester, Mass.). PRA was calculated from radioactive counts done on 
a Beckman Gamma Counter 4000. 
Surgical Procedure 
Animals were placed in one of six groups, each group consisted 
of eight animals. The groups were labelled as follows: I) Normal Con¬ 
trols, II) 1-kidney Controls, III) Expérimentais with the cortex of the 
left kidney completely burned and their contralateral kidney left intact, 
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IV) Expérimentais with a 1 cm2 burn on their left kidney cortex and their 
contralateral kidney left intact, V) 1 cm2 burn on both kidneys, and 
VI) 1 cm2 burn on left kidney and right kidney removed. All controls 
of Group I were subjected to "sham" operations. 
Abdominal surgery 
Animals were weighed and anesthetized by intraperitoneal injection 
of pentobarbital sodium (Nembutal) (Mosher Veterinary Service Co., 
Atlanta, Ga.) at a dosage of 0.06 cc/100 g of body weight. Once uncon¬ 
scious, the animals were placed on their backs on a restraining board. 
Leg clamps were used to maintain the animals in a stable position. A 
rubber band was stritched behind the incissors of the animal's mouth and 
over the restraining board to insure that the animals would not swollow 
their tongues, and in so doing choke to death. Abdomens were shaved 
with a scape! blade. An incision of about four to four and a half centi¬ 
meters was made ventrally. The left kidney was manipulated up and ex¬ 
posed through the incision at which time all the fat tissue was removed 
from around the kidney with the aid of a Q-tip. Those animals that were 
subjected only to sham operations had their kidney replaced to its origi¬ 
nal position and they were sutured and allowed to recover. All suturing 
was done with Surgical Silk, size 4-0. The one-kidney controls (Group II) 
had their left kidney removed. This was accomplished by tieing off the 
renal artery and vein approximately 1 cm from the point at which the renal 
artery branches from the decending aorta; leaving the right kidney 
intact. Animals were then sutured and allowed to recover. A schematic 
representation of the 1 cm2 burn is shown in Figure 1. 
Fig. 1. Schematic representation of the location of 1 cm2 cauterization 
that was placed on the renal cortex of the experimental model. 




The expérimentais (Groups III, IV, V and VI) were subjected to 
one of two types of burning of the cortical layer of the left kidney. 
One (Group III) had the left kidney cortex completely burned, and the 
others (Groups IV, V and VI) had a 1 cm2 section burned. Both types of 
burns were administered in much the same way with the only variant being 
the surface area exposed to the burn. All burns resulted from a current 
of 40 volts administered under the high input of a Birtcher Hyfrecator, 
to which a copper plate was attached by soldering the plate to an 18 
gauge needle, which fitted tightly over the electrode of the hyfrecator. 
The plate size was 1 cm2. 
The burn was administered by allowing the plate to maintain slight 
contact with the cortical layer of the kidney for approximately 3 to 4.5 
seconds. Once a satisfactory burn was achieved, the kidney was replaced 
and the animal was sutured and allowed to recover. 
Recovery time for all animals was 21 days, regardless of the type 
of surgery done. At the end of the 21 day period, all animals were weigh¬ 
ed and initial indirect pressures were taken. From this point on, weights 
and pressures were taken once a week for the next four weeks. 
Sacrificing and collection of blood plasma 
At the end of the four weeks one day after the last weights and 
pressures were recorded, all animals were sacrificed and their plasma 
was collected and pooled by groups. Sacrificing and collection of blood 
from animals was carried out in the following manner: four 250 ml beakers 
were coated with 5l EDTA and then placed in crushed ice and allowed to 
sit for one half hour. Animals were decapitated and blood from each 
animal was allowed to drain into the appropriately labelled beaker. Once 
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this procedure was carried out on all animals, the collected blood was 
centrifuged in a Beckman TJ-6R refrigerated Table Top Centrifuge (Beckman 
Instruments, Inc., Atlanta, Ga.) at a speed of 4,000 RPM for 15 minutes. 
The plasma was aspirated from the top of the packed blood cells, collected 
in appropriately labelled test tubes and stored at -19°C for 24 hours. 
Plasma renin activity determination 
Plasma renin can convert angiotensinogen to angiotensin I. Skeggs 
et al. have shown that angiotensin I, a decapeptide, can be converted to 
angiotensin II, an octapeptide, by the activity of a plasma converting 
enzyme and further hydrolyzed by angiotensinases. The assay for renin is 
conducted in a medium buffered with maleate at pH 5.5 to 6.0. Inhibitors 
of the conversion of angiotensin I to angiotensin II are included to allow 
for accurate determination of angiotensin I using the 125I radioimmuno¬ 
assay system. The metabolic pathway of the renin-angiotensin system can 
be summarized as : 
Renin 
Angiotensinogen — Angiotensin I 








The radioimmunoassay has as its basic principle, the competition 
between non-radioactive and radioactive antigen for a fixed number of 
antibody binding sites. If increasing amounts of non-radioactive antigen 
(standards) and a fixed amount of labelled antigen are allowed to react 
in the presence of a constant and limiting amount of antibody, then a 
decreasing quantity of radioactive antigen will bind to the antibody. 
The separation of bound antibody and free antigen is achieved by differen¬ 
tial absorption of the free material onto activated charcoal. The con¬ 
centration of labelled antibody-bound antigen found in the supernatant 
is determined by use of a gamma counter. A standard curve is establish¬ 
ed based on the relationship of bound to added antigen and by interpola¬ 
tion from the standard curve the amount of sample antigen is determined. 
Plasma renin activity, expressed as ng/ml/hr of generated angiotensin I, 
is calculated by a formula. 
Calculation of plasma renin activity (PRA) 
and statistical analysis 
In this assay, plasma samples are incubated at 4°C and at 37°C. 
The amount of angiotensin I generated in the samples is determined from 
the standard curve by interpolation and is expressed in nanograms. This 
is converted to ng/ml/hr of generated angiotensin I by multiplying by a 
conversion factor. Plasma renin activity is then calculated by subtract¬ 
ing the 4°C value from the 37°C value and expressing as ng/ml/hr of gene¬ 
rated angiotensin I. The calculation of PRA can be summarized as: 
1. % bound vs ng angiotensin I added make up standard curve 
ave. net CPM X 100 
l bound =  
ave. net total CPM 
2. From standard curve determine ng of angiotensin I for 37°C 
and 4°C samples. 
3. Convert to ng/ml/hr: 
ng (from curve) X 30 (conversion factor) = ng/ml/hr 
4. Calculate PRA 
37°C sample - 4°C sample = PRA ng/ml/hr 
Statistical comparisons between groups were carried out by use 
of the Student's t-test, with significance at a P value of .05 or less. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Student's t-test was used to do statistical analysis of blood 
pressures, body weight and plasma renin activity (PRA). Computations 
were done on the Olivete P-652 Microcomputer and LN-20 Tape System. Each 
group consisted of 8 animals (N = 8) and all data are pooled from each 
group. Statistical significance is considered at or below the 0.05 level. 
The experimental groups are named as follows: 
I - 2-kidney control 
II  1-kidney control 
III  left kidney completely cauterized (burned) 
with the right kidney left intact 
IV - 1 cnf burn on left kidney with right kidney 
left intact 
  1 cm2 burn on both kidneys 
VI  1 cm2 burn on left kidney with right kidney 
removed 
Blood Pressure Measurements 
All blood pressures reported are mean values and were taken as 
described earlier in Chapter III. 
The blood pressure of Group I, the 2-kidney control rats, showed 
a gradual increase over the six-week period of the experiment (Figure 2). 
However, this increase was not significant when compared week to week. 
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Fig. 2. Average blood pressures for two-kidney model animals recorded 
from the 3rd to 6th week post operatively. 
  A  2-kidney control 
 *  Left kidney completely burned (right 
^ kidney intact) 
 ^ 1 cm2 burn, left kidney (right kidney 
intact) 
O 1 cm
2 burn on both kidneys 
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The mean blood pressure recorded at 3 weeks post operative was 96 mm Hg. 
At 4 weeks post operative it was recorded at 101 mm Hg and 99 and 107 mm 
Hg at weeks 5 and 6, respectively. 
The 1-kidney control group (Group II) also showed a gradual in¬ 
crease in blood pressure over the six-week period, but again the increase 
was not statistically significant (Figure 3). This increase was also not 
significantly different when compared week by week to the 2-kidney con¬ 
trols. Yet, when compared to Group VI (1 cm2 burn on left kidney, right 
kidney removed) a significant difference could be seen (Figure 4). At 
week 3, post operation, blood pressure mean values were recorded as 100 
mm Hg; at 4 weeks post operation, 98.6 mm Hg; at 5 weeks post operation, 
102 mm Hg and at 6 weeks post operation, 115 mm Hg. 
Group III (left kidney completely burned) closely paralleled the 
1-kidney controls as shown by Figure 3. Post operative mean blood pres¬ 
sures were 109 mm Hg at 3 weeks, 113.5 mm Hg at 4 weeks, 110 mm Hg at 5 
weeks and 115 mm Hg at 6 weeks. 
Statistical significance was seen between the remaining experi¬ 
mental groups and the controls already mentioned. The first of these 
experimental groups, Group IV, with a 1 cm2 burn on the left kidney and 
the right kidney left intact, showed an increase in blood pressure over 
both control groups (I and II) and Group III at 3 weeks post operation. 
A mean value of 135 mm Hg was recorded. This value remained the same at 
the 4th week measurement, then at the 5th post operative week, the mean 
value rose to 154 mm Hg. At the 6th week after surgery, however, the 
mean value fell to 119 mm Hg, at which time it was not significantly 
different from either of the control groups or the 1-kidney completely 
burned group. 
Fig. 3. Average blood pressures for one-kidney control vs one-kidney 
burn animal. 
 O  1-kidney controls 
Left kidney completely burned (right 
 A  kidney intact) 
25 
Fig. 4. Average blood pressures for one-kidney model animals 
 O  1-kidney control 
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Group V, 1 cm2 burn on both kidneys, showed the highest blood 
pressure consistently of all the groups tested. The pressure was signifi¬ 
cantly elevated over the control groups, I and II, as well as Group III 
each week after surgery the blood pressures were taken. The mean blood 
pressures for Group V were as follows: week 3, 139 mm Hg; week 4, 158 
mm Hg; week 5, 158 mm Hg and week 6, 145 mm Hg. 
The 1-kidney, 1 cm2 burn group (Group VI) also had elevated pres¬ 
sures from week 3 to week 6 (Figure 5). However, with the exception of 
week 5, they were slightly lower than Group V at the corresponding weeks. 
Mean blood pressures for this group were 146 mm Hg at 3 weeks; 138 mm Hg 
at 4 weeks; 151 mm Hg at 5 weeks and 144 mm Hg at 6 weeks. 
A look at the summary figure (Figure 5) clearly shows a division 
of pressure responses between the control groups (I and II) along with 
Group III (which appeared to respond very closely to a 1-kidney model) 
and the 1 cm2 burned groups (IV, V, VI). Further, when the pressures in 
Groups I, II and III increased (or decreased), the pressures in Groups 
IV, V and VI responded in the opposite way, except between weeks 3 and 4 
in Groups II and VI. 
Weight Changes 
The 2-kidney controls (Group I) showed an average weight gain of 
23 g for the third week post operatively. Statistical comparison of this 
group and all other groups (Figure 6) showed that the only significant 
difference for this same time period was between Group I and Groups IV 
and V. The latter two groups had weight gains of 72 g and 62 g, respec¬ 
tively. The other group weight changes were non-significant. At the 4th 
week after surgery, Group I lost weight (-11.4 g) as did Group III (-3.1 g). 
All other groups gained weight as shown in Figure 7. The Group I weight 
Fig. 5. Summary of average weekly blood pressures 
 A—•— 2-kidney control 
 A  1-kidney control 
 _  Left kidney completely burned, right 
m kidney intact 
 ^ 1 cm2 burn on left kidney, right 
kidney intact 
 O 1 cm2 burn on both kidneys 
 PI  1 cm2 burn on left kidney, right 
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Fig. 6. Average weight changes for third week after surgery 
□ 2-kidney control 
m l-kidney control 
^ Left kidney completely burned (right kidney intact) 
HO 1 cm2 burn on left kidney (right kidney intact) 
Q 1 cnf burn on both kidneys 












Time (wks. after surgery) 
Fig. 7 
w 
Average weight changes for 4th and 5th weeks after surgery 
□ 2-kidney control 
1-kidney control 
Left kidney completely burned (right kidney intact 
1 cm2 burn on left kidney (right kidney intact) 
1 cm2 burn on both kidneys 








change was statistically significantly different from the other group 
weight changes with the exception of Group III. The 5th week weight 
changes in all groups were positive (gains) and showed no significant 
differences between groups. The increases in weights for Groups I - VI 
were: 5.25 g, 3.00 g, 1.25 g, 12.50 g, 8.55 g and 7.10 g, respectively. 
The 6th week after surgery (Figure 8) showed a weight loss in Group V 
(-1.77 g) and only a slight weight gain in Group VI (+3.90 g). Both these 
weight changes were significantly lower than the controls, Group I and 
Group II which gained 18.00 g and 16.50 g, respectively. Group III showed 
the greatest increase in weight of 24.00 g, and Group IV gained 22.0 g, 
however, neither was significantly different from the controls. 
Plasma Renin Activity (PRA) 
Plasma Renin Activity was measured at the end of the study and 
pooled blood from each group was used. PRA's were repeated twice and 
the average values reported. The group with 1 cm2 burn on both kidneys 
(Group V) showed the highest PRA, 18.0 ng/ml/hr as shown by Figure 9. 
The 1-kidney model with a 1 cm2 burn (Group VI) showed the next highest 
PRA, 11.03 ng/ml/hr. Both these groups showed significantly higher PRA 
values than controls, Group I (7.84 ng/ml/hr) and Group II (4.00 ng/ml/hr) 
Group IV (1 cm2 burn on left kidney, right kidney intact) showed a signifi 
cantly lower PRA (0.89 ng/ml/hr) than did the control group. Group Ill's 
PRA value (5.48 ng/ml/hr) was not significant when compared with controls. 
Histological Studies 
Kidney tissue was prepared for histological study for light micro¬ 
scopy and stained with Mallory's Triple Stain. Four weeks after the burn, 
Bowman's capsule began to show a considerable reduction in size when 
Fig. 8 Average weight changes for 6th week after surgery 
□ 2-kidney control 
m 1-kidney control 
Left kidney completely burned (right kidney intact) 
1 cnf burn on left kidney (right kidney intact) 
H 1 cm2 burn on both kidneys 







Time (wks. after surgery) 
Fig. 9. Plasma Renin Activity 
I 2-kidney control 
II 1-kidney control 
III Left kidney completely burned (right kidney intact) 
IV 1 cnf burn on left kidney (right kidney intact) 
V 1 cm2 burn on both kidneys 























compared to the normal or control tissue (Figures 10A and 10B). There 
was also at this stage of the study evidence of tubular obstruction, and 
atrophy within the capsule itself. By the end of the study, scar tissue 
formed completely distroyed the proximal, as well as the distal tubules, 
that surround the Bowman's capsule (Figures 11, 12, 13, 14). The capsule 
atrophied to almost nothing and appeared to be absolutely nonfunctional. 
Fig. 10. A. Photomicrograph of normal kidney tissue at 
4 weeks after surgery. Mallory's Triple 
Stain. 40X 
Photomicrograph of cauterized kidney tissue 




Fig. 11. Photomicrograph showing normal Bowman's capsule. 
45X 
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Fig. 12. Photomicrograph showing Bowman's capsule in cauterized 
kidney tissue. 45X 
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Fig. 13. Photomicrograph showing proximal tubules (arrow) of 
normal kidney tissue. 45X 
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Fig. 14. Photomicrograph showing proximal tubules and distal 




Our present knowledge of the reduction of elevated blood pressure 
caused by renal ischemia is based on the studies of Goldblatt (1934) on 
his system in dogs. Our theory is renal obstruction to function will 
cause renal mass reduction which may or may not be noticed by the animal's 
cardiovascular system. If the degree of obstruction is not great enough 
to be noticed by the cardiovascular system then a normotensive state is 
maintained, but if the obstruction is noticed by the cardiovascular sys¬ 
tem then an elevated blood pressure results, as seen by the works of 
Goldblatt (1934), Hartman, Bolliger and Doub (1926), as well as Paessler 
and Heineker as cited by Fishberg (1939). 
Our experiment was designed to answer the question: Can hyper¬ 
plasia, or renal obstruction to function, precede hypertension? It in¬ 
volved the cauterization of the renal cortex of rats. This procedure has 
never been used to attempt to explain the relationship between elevated 
blood pressure and kidney mass. 
The cauterization of the renal cortex of rats produced elevated 
blood pressures, weight loss while pressures were elevated and elevated 
plasma renins (again during elevated blood pressure) in 3 of 4 experimen¬ 
tal groups when compared to the controls. The duration of the elevated 
blood pressures seems to be limited to the extent of cauterization, re¬ 
sulting in reduction of kidney mass. The group with no significant rise 
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in blood pressure, over control levels, was the group with completely 
cauterized left kidney and intact right kidney (Group III). This group 
paralleled the one-kidney controls in each parameter measured. This 
particular group, as stated in Materials and Methods, was placed in the 
study to test the severity of our cauterizing technique. We wanted to 
be sure that the cauterization was destroying all the renal tissue with 
which it came in contact. If this were the case then by cauterizing all 
the renal cortex of one kidney, we would be producing in essence a one- 
kidney animal.. The results tend to support this idea because as shown, 
this group responded in a similar manner to the one-kidney control. 
Of the three groups that showed an elevated blood pressure, as a 
result of the cauterization, two remained significantly elevated at the 
end of the study. These were the two-kidney, 1 cm2 burn on both kidneys 
(Group V) and the group which had a 1 cm2 burn on their left kidney and 
their right kidney removed (Group VI). The third group which was a 
1 cm2 burn on the left kidney, right kidney left intact (Group IV) re¬ 
turned to control blood pressure levels by the sixth week of the experi¬ 
ment. 
In explaining the mechanism involved in maintaining the elevated 
blood pressure, it might be wise to look once again at the weight profile 
which shows that at the third week post-operatively, all groups that had 
an elevated blood pressure also had the largest weight gain when compared 
to the controls. This point seems to suggest that as a result of the 
cauterization a change in the glomerular filtration rate (GFR) may have 
occurred and thus, a change in plasma osmolarity could have been respon¬ 
sible for this increase in weight. Guyton (1976) summarized the relation¬ 
ship as follows: loss of kidney mass will result in retention of the end 
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products of metabolism, such as hydrogen ions, phosphates, urea, and uric 
acid. He continues to state that if there is an increase in the concen¬ 
tration of these metabolic end-products in the blood, there will be a 
tendency to pull water from the intracellular spaces because of the plasma 
colloidal osmotic pressure, i.e., the Donnan effect. This could result 
in increased capillary pressure which would tend to move fluids out of the 
plasma back into the interstitial spaces. Also, if a negative interstitial 
fluid pressure were to result, then the direction of flow would be from 
the plasma to the interstitial spaces. Should this situation persist, a 
state of edema could result as the animals reached a more positive inter¬ 
stitial fluid pressure. 
Another factor that must be considered is in its reduced state, the 
kidney could have failed to excrete adequate quantities of urine, but the 
animals could have continued to drink normal amounts of water as well as 
eat normal amounts of food which would add to their electrolyte intake, thus 
progressively increasing their extracellular fluid. By absorption through 
the gut this fluid would then get into the blood and cause the capillary 
pressure to be elevated. This would then allow large amounts of this fluid 
to pass into the interstitial spaces, resulting in an elevation of the inter 
stitial fluid pressure. If the retained fluids to begin with were mainly 
water, then intracellular edema would also have resulted. Therefore, the 
weight-gain measured at the third week in animals showing elevated blood 
pressures could be accounted for by either of the two mechanisms just stated 
By looking at the weight profile beyond the third week, however, it would 
appear that those animals which maintained an elevated blood pressure did 
so by the incorporation of another control factor which seemed to function 
in opposition to their initial control factor. From the third week on we 
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saw a significant drop in weight gain as long as the animals maintained 
an elevated blood pressure. Beyond the third week blood pressures were 
elevated to higher levels. This seemed to be due mainly to the renin- 
angiotensin system, since there was a direct correlation between the ele¬ 
vated blood pressure and increased PRA. It was found that while those 
animals with elevated pressures had elevated PRA's, the group of animals 
in which blood pressure decreased to control levels, showed only minute 
amounts of PRA. The PRA appears to be turned off, thus allowing for the 
significant fall in blood pressure that was seen in Group IV (1 cm2 burn 
on the left kidney, right kidney left intact). 
Our findings tend to support the findings of Hartman, Bolliger 
and Doub (1926), Paessler and Heineker as cited by Fishberg (1939), and 
many other investigators who have shown that as renal mass is progres¬ 
sively reduced, blood pressure levels tend to increase to levels above 
normal. 
Further investigation of this model will be carried out to deter¬ 
mine the renal physiology resulting from cauterization. 
CHAPTER VI 
SUMMARY 
This study seems to indicate the following: 
1. By cauterization of the renal cortex in the manner done in 
this study, one can produce both short and long term experi¬ 
mental hypertension in rats. 
2. The maintenance of the hypertensive state falls under two 
control factors: a) The glomerular filtration rate, which 
results in plasma osmolarity changes, b) the renin-angiotensin 
system. Each of these control factors function at different 
phases of the hypertensive state. 
3. Partial destruction of renal tissue can proceed the onset of 
hypertension. 
4. Animals appear to be normal from the time the cauterization 
was done to the time hypertension was developed. 
5. The initial destruction leads to some regeneration of the 
renal tissue and in so doing results in further establish¬ 
ment of hypertension. 
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